Keratoconus is a progressive ectatic disease of the cornea. In its early stages, management can be with spectacles and contact lenses, but surgical intervention is required if the disease is progressive or advanced.\[[@ref1][@ref2]\] For refractive correction of keratoconus, it is most logical to reinforce the cornea using an additive technique, in contrast to weakening its structural integrity using incisions or ablation. Several studies have demonstrated the efficacy of intrastromal corneal ring segments (ICRS) in both keratoconus\[[@ref3][@ref4]\] and post laser-assisted in situ keratomileusis (LASIK) ectasia.\[[@ref5][@ref6]\] ICRS were first designed to allow refractive adjustment by flattening the cornea.\[[@ref7][@ref8][@ref9]\] The placement of such rings generates an immediate response that interrupts or delays the biomechanical disease progression with an improvement in vision; thereby, delaying or avoiding penetrating keratoplasty. Intacs^®^ (Addition Technology, Inc., Sunnyvale, CA) is an ICRS which has been used with positive results in a number of centers,\[[@ref2][@ref10][@ref11]\] but Intacs alone may not be able to stop the progression of keratoconus.\[[@ref12]\] Corneal collagen-crosslinking (CXL) has been shown to increase the biomechanical rigidity by four- to five-fold.\[[@ref13]\] Combining CXL with Intacs^®^ will not only halt the progression of the keratoconus disease process, but also augment the flattening effect of the Intacs^®^ .\[[@ref14]\] The use of femtosecond laser photodisruption for creation of channels for Intacs^®^ insertion has been studied and proven to be a safe, precise, and effective method.\[[@ref15][@ref16][@ref17][@ref18]\]

Planning the ICRS to be inserted can be seemingly confusing and complicated, but choosing the appropriate ring for a particular type of cone can drastically improve the outcome of the procedure. Even though there are numerous articles on the use of Intacs^®^ with various nomograms in practice, a lacunae that we have found during our literature search has been a step-wise and clear explanation on how to choose the ring based on the type of the cone. This is essential because the ring size and type to be chosen depends on various parameters like centration of the cone, steepness of the cornea, and the refraction of the patient. In this study, we have attempted to design a simple and logical nomogram (Narayana Nethralaya (NN) nomogram) for Intacs^®^ implantation for keratoconus, aiming to simplify and refine the decision-making process.

Materials and Methods {#sec1-1}
=====================

Patients {#sec2-1}
--------

This was a prospective, nonrandomized, interventional case-control study, conducted at a tertiary eye care institute with a prospective arm of patients undergoing Intacs^®^ implantation with CXL (Group A). The size of the Intacs^®^ ring was predetermined according to the nomogram formulated by the first author \[[Fig. 1](#F1){ref-type="fig"}\]. This nomogram was formulated based on the available literature on various nomograms.\[[@ref1][@ref14][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22][@ref23][@ref24][@ref25][@ref26][@ref27]\] and our present understanding of the different presentations of keratoconus and their behavior after implantation of Intacs^®^ with simultaneous CXL. It took into account the centration of the cone, mean refractive spherical equivalent (MRSE) and mean keratometry (Km) values on topography (Pentacam, Oculus, GmBH, Wetzlar, Germany) as shown in [Fig. 1](#F1){ref-type="fig"}. A historical arm (group B) obtained by medical record review, served as the control group of patients undergoing Intacs^®^ using the femtosecond laser assisted channel creation with CXL, similar to group. The implantation of rings for this group followed the standard of care prevalent at that time (based on clinical judgment and current literature), but without the use of this nomogram. Patients included in the study group (Group A) were at least 18 years of age with a confirmed keratoconus on Orbscan II (Bausch and Lomb Inc, Rochester, NY, USA) and Pentacam (Oculus GmBH, Wetzlar, Germany) recordings, had clear central corneas and a pachymetry of \>450 microns in the zone of implantation. Exclusion criteria included any central corneal scarring, pachymetry \<450 microns in the zone of implantation, previous ocular surgery, herpetic keratitis, and connective tissue disorders. Institutional ethical review board approval was obtained for the procedures, and the tenets of the Declaration of Helsinki were followed. All patients in both group A and B had signed an informed consent. As the same standards of patient selection and investigations were followed for both groups, the two groups are comparable.

![Nomogram for decision of insertion of Intacs ring type and size. K = Keratometry, SK = steep K, MRSE = mean refractive spherical equivalent](IJO-62-23-g001){#F1}

Preoperative evaluation {#sec2-2}
-----------------------

Baseline evaluation included uncorrected distance visual acuity (UDVA); corrected distance visual acuity (CDVA), refraction, MRSE, slit lamp examination, non-contact tonometry, corneal topography (Orbscan II, Pentacam), and dilated fundus evaluation. Keratoconus was graded as per the Amsler-Krumeich classification.\[[@ref7]\] A standardized method was followed for the measurement of topography by a single experienced technician for all patients in Group A on all visits.

The decision regarding the type, size, and number of rings for the patients in this group was made based on the nomogram shown in [Fig. 1](#F1){ref-type="fig"}.

Intacs^®^ segments {#sec2-3}
------------------

Intacs^®^ segments consist of semicircular polymethylmethacrylate (PMMA) pieces, each with a circumference arc length of 150 degrees. They are available in two broad categories, regular rings and severe keratoconus or steep K (SK) rings. Regular rings have a hexagonal transverse shape, and a conical longitudinal section with an external diameter of 8.10 mm and an internal diameter of 6.77 mm. The Intacs^®^ regular segments are available in sizes of 0.25-0.45 mm thickness in 0.05 mm increments. The Intacs^®^ SK segment design has an inner diameter of 6.0 mm, an oval cross-section shape, and is available in sizes of 0.21, 0.40, 0.45, and 0.50 mm thickness. They are used for steeper corneas based on the K readings on topography. The thickness of the Intacs^®^ ring segments modulates their refractive effect. Various combinations of rings can be placed depending on the type of the cone including single ring, symmetric regular or SK rings, and asymmetric regular or SK rings.

Planning of the intacs implantation as per the NN nomogram {#sec2-4}
----------------------------------------------------------

The first decision to be made in planning the ring implantation is to see if the cone is centered or decentered. A central cone is one in which ≥50% of the cone is within the 3 mm zone on the Pentacam posterior elevation map and a decentered cone is one in which \>50% of the cone is outside the 3 mm zone on the Pentacam posterior elevation map. A highly decentered cone is one in which \>50% of the cone is outside the 5 mm zone on the Pentacam posterior elevation map.\[[@ref19]\] The next decision to be taken is whether the eye requires a single ring, double symmetric, or double asymmetric rings. This choice is made based on the extent of decentration and the superior-inferior asymmetry (SIA). A central cone requires symmetric double rings, while asymmetric rings are placed for a decentered cone. Highly decentered cones do well with a single ring implantation. Another parameter to keep in mind while placing asymmetric rings is the SIA, which is defined as the difference between the average of the three steepest adjacent points and the average of corresponding points on the opposite meridian on the sagittal curvature map on the Pentacam. If the SIA is \<15, asymmetric rings can be placed, but a higher SIA would do better with a single ring.

The next step is to check the K mean (Km) on Pentacam. A Km \>55 requires a SK ring implantation, whereas a Km \<55 can be managed with regular rings. Finally, the size of the individual ring is decided based on the MRSE of the eye as elucidated in the flow chart \[[Fig. 1](#F1){ref-type="fig"}\].

Surgical procedure {#sec2-5}
------------------

The procedure was performed under topical anesthesia by a single surgeon (RS) using a standard technique with a FS 200 Wavelight laser (Alcon, Inc.) for creation of the tunnel for implantation of the Intacs^®^ segments. The incision was placed at the steep axis as per the corneal topography. The depth of incision was 75% of the minimum pachymetry at the zone of implantation. The inner and outer diameter of the channels for the rings depends on whether a regular or SK ring is to be implanted. In both groups A and B, insertion of the Intacs^®^ segments was followed by a standard CXL procedure\[[@ref13]\] with 1% riboflavin, meant to ensure stabilization of the disease process and refractive outcome. Postoperative evaluation performed on day 1 and 7 and at 1, 3, 6, and 12 months postoperatively included slit-lamp examination of the anterior segment, corneal topography, UDVA, CDVA, refraction, and MRSE.

Outcome measures {#sec2-6}
----------------

The primary outcome measures were the UDVA, CDVA, MRSE, and Km on the Pentacam scan. The secondary outcome measures were SK and astigmatism on Pentacam. In patients with central cones who underwent symmetric Intacs^®^ ring implantation, all the four parameters were used to determine the final outcome. On the other hand, in patients with decentered cones, who underwent asymmetric or single ring implantation, change in only the CDVA and Km were considered while defining the outcome. We did not consider UDVA and MRSE, as a negative change was expected secondary to the shifting of the cone more centrally post Intacs^®^ implantation. This was in order to negate the false impression of a poor outcome.

Statistical analysis {#sec2-7}
--------------------

Data entry was done on Excel worksheets (Microsoft Corporation, 2007) and statistical analysis was performed using the Statistical Package for Social Sciences (SPSS) version 17.0 statistical software after we converted the visual acuity data to the decimal form. Normality of the data was assessed using the Kolmogorov-Smirnov test. Tests of significance between the two groups used a two-tailed, *P*value less than 0.05 as statistically significant when using parametric tests for normally distributed data or the equivalent nonparametric test for non-normal data. Subgroupanalysis was performed in eyes with symmetrical and asymmetric regular or SK implants as well as single ring implants.

Results {#sec1-2}
=======

Group A consisted of 52 eyes of 50 patients and Group B consisted of 25 eyes of 24 patients. All parameters in the two groups were comparable at baseline \[[Table 1](#T1){ref-type="table"}\].

###### 

Preoperative patient data of the two groups

![](IJO-62-23-g002)

In Group A, the average UDVA improved from 0.16 ± 0.15 to 0.25 ± 0.16 postoperatively (*P* \< 0.001). The average CDVA improved from 0.58 ± 0.2 to 0.69 ± 0.21 (*P* \< 0.022). In Group B, the improvement in UDVA and CDVA was not statistically significant. The improvement in average UDVA was from 0.14 ± 0.10 to 0.17 ± 0.11 postoperatively. The average CDVA improved from 0.54 ± 0.26 to 0.61 ± 0.11. The improvement in average MRSE for group A was from -5.41 ± 4.94 to -1.71 ± 2.88 (*P* \< 0.001) and in group B was -6.44 ± 5.32 to -3.26 ± 2.82 (*P* = 0.013).

The average astigmatism on Pentacam reduced in Group A from 5.86 ± 2.61 to 4.91 ± 2.72 diopters (*P* \< 0.001) and in Group B from 5.1 ± 2.35 to 4.65 ± 1.88 diopters (*P* = 0.23). The reduction in the mean dioptric power on the steep axis was from 54.91 ± 6.3 to 51.15 ± 5.2 in Group A (*P* \< 0.001) and 56.56 ± 5.7 to 52.46 ± 6.01 in Group B (*P* \< 0.001). Average Km reduced from 51.77 ± 5.45 to 48.63 ± 4.37 in Group A (*P* \< 0.001) and 53.64 ± 5.32 to 50.31 ± 5.02 in Group B (*P* \< 0.001). The average change in all these parameters in the two groups and the statistical significance is summarized in [Table 2](#T2){ref-type="table"}.

###### 

Average difference between pre- and postop measurements

![](IJO-62-23-g003)

The average improvement of UDVA in Group A was 1.12 lines when recorded on the Snellen\'s chart and that in CDVA was 1.38 lines. On an average, the improvement in UDVA in Group B amounted to a gain of 0.38 and 0.88 lines in CDVA. In both groups, no patient had a drop in vision on the Snellen\'s chart.

[Fig. 2](#F2){ref-type="fig"} shows the change in UDVA in the two groups on serial follow-up from preoperative to 12 months postoperative. The change in Km in the two groups is similarly plotted in [Fig. 3](#F3){ref-type="fig"}.

![Chart showing improvement in mean uncorrected distance visual acuity (UDVA) in the two groups from preoperative values over 1 year follow-up and the standard deviation at each point](IJO-62-23-g004){#F2}

![Chart showing improvement in average mean keratometry (Km) in the two groups from preoperative values over 1 year follow-up and the standard deviation at each point](IJO-62-23-g005){#F3}

Improvement in average values of UDVA, CDVA, MRSE, and Km was seen in eyes in Group A, implanted with either symmetric regular, symmetric SK, asymmetric regular, asymmetric SK, or single regular rings. In Group B, improvement in all parameters was seen only in those who underwent implantation with symmetric SK\'s. Subgroup analysis highlighting the same is summarized in [Table 3](#T3){ref-type="table"}.

###### 

The difference in average of pre- and postoperative parameters within the two groups

![](IJO-62-23-g006)

The outcome was measured in two groups as significant improvement, maintenance of status quo, or worsening of the parameters described before (UDVA, CDVA, MRSE, and Km for symmetric ring implants and CDVA and Km alone for asymmetric ring implantation). The number of eyes that maintained status quo was similar in both groups (five of 52 eyes or 9.61% in Group A and three of 25 eyes or 12% in Group B). There was a statistical significant difference between the two groups in the percentage of patients maintaining or improving the clinical outcome (46 of 52 eyes or 88.46% in Group A and 12 of 25 or 48% in Group B, Pearson chi square test = 13.439, *P*\< 0.001).

Discussion {#sec1-3}
==========

Initial studies on keratoconus were on either symmetric or asymmetric rings of a uniform type for all patients and were meant to study the safety and efficacy of this procedure.\[[@ref11]\] Ertan and Colin\[[@ref20]\] used a nomogram taking the spherical equivalent into consideration for insertion of symmetric rings of 0.4 or 0.45 mm thickness and reported a statistically significant improvement in UDVA, CDVA, and Km values. Change in the spherical equivalent was not significant in their sample size of 100 patients and astigmatism was not an outcome measure in this study. In our study, improvement in spherical equivalent and astigmatism were statistically significant in the study group, but not in the control group. Other studies based on the spherical equivalent were those by Wachler *et al.*,\[[@ref21]\] Kanellopoulos *et al.*,\[[@ref10]\] and Zare *et al.*\[[@ref22]\] All of these studies suggested implantation of asymmetric rings for all cones based solely on the spherical equivalent. They also showed an improvement in UDVA, CDVA, and Km. Colin *et al.*,\[[@ref1]\] and Ertan *et al.*,\[[@ref17]\] used 0.45/0.25 mm asymmetric rings uniformly for all patients. In their study, improvement in UDVA and spherical equivalent were both found to be significant. Again, none of these studies established statistically significant improvement in the spherical equivalent and astigmatism.

Single ring implantation was carried out in the study conducted by Chan *et al.*,\[[@ref14]\] which established the effectiveness of Intacs^®^ with CXL as against Intacs alone. This study considered the lower-upper ratio, but this was taken into account only as an outcome measure and not to decide on the Intacs^®^ ring insertion. Sharma and Wachler\[[@ref23]\] did a study on comparison of single versus double ring implantation for post LASIK ectasia. In this study, the preoperative Km in both groups was much less (47.45 and 45.55) than in our study (51.77 and 53.64). They found a more dramatic improvement in the single segment group (17 eyes) as compared to the double segment group (20 eyes). They concluded that the single segment led to a more physiologic improvement in the irregular corneal shape. Rabinowitz *et al.*,\[[@ref24]\] however, conducted a similar study and did not find any statistically significant difference between the two groups.

Nomograms which included the morphology of cones were those by Colin\[[@ref25]\] which took into consideration the location of the cone and asymmetric astigmatism induced by the keratoconus. Their description of the cone was either global or central for which they used symmetrical rings; and as mildly, moderately, or highly asymmetric for which they used asymmetric rings. Single rings were not a part of their nomogram. Alió *et al.*,\[[@ref4]\] found that there was a significant correlation between preoperative Km value and postoperative visual outcome. They concluded that in cases of advanced keratoconus (Km \>55 D) less than optimum results could be anticipated. However, since the advent of the SK rings, even more advanced cases of keratoconus can be managed effectively. In their retrospective comparison between the good and bad outcomes of Intacs^®^ , talk about decision making regarding asymmetric or single ring implantation based on the layout of the cone on topography. Inferior cones not exceeding 180 degrees received a single ring while those exceeding that limit by 1 mm or more received an asymmetric double ring implantation. A nomogram for Ferrera (ICRS) published by Torquetti *et al.*,\[[@ref19]\] also took into account the type of cone on topography. They described the distribution of ectasia based on the percentage of cone on either side of the midline. Further, subdivision of the nomogram was based on the astigmatism on topography. They also demonstrated a statistically significant improvement in UDVA, CDVA, and minimum and maximum K values.

None of these nomograms however, took implantation of SK rings into consideration. Alió *et al.*,\[[@ref4]\] in their comparative study, found that there was a significant correlation between preoperative Km value and postoperative visual outcome. They concluded that in cases of advanced keratoconus (Km ≥55 D) poor results can be anticipated. These are cases which do better with SK rings. A study by Khan *et al.*,\[[@ref26]\] proved the efficacy of SK. They found significant improvement in all parameters including the spherical equivalent. Improvement in astigmatism was not statistically significant in this study. In our study, in the SK subgroup \[[Table 4](#T4){ref-type="table"}\] of Group A, the improvement in UDVA, SK, Km, spherical equivalent, and astigmatism were all statistically significant. In this subgroup, the average preoperative Km was 57.43 ± 4.34. Only two eyes (10.53%) in that subgroup had a poor outcome.

###### 

Subgroup analysis in the patients with SK implantation as per the nomogram (Group A)

![](IJO-62-23-g007)

As presentation of keratoconus is varied and the choice of rings to be implanted needs to be customized for each type of cone, a subgroup analysis to validate the efficacy of each arm of the nomogram with a larger study group having adequate representation of each type of cone is underway.

To conclude, Intacs^®^ are a logical addition to the stepwise treatment of keratoconus for improvement of functional vision. This modified nomogram simplifies the decision-making in choosing the appropriate Intacs^®^ ring for implantation. This in turn will help surgeons to achieve a more predictable and improved outcome post procedure. The refractive outcome can also be titrated based on the size, location, and number of rings.

What was known {#sec2-8}
--------------

Intacs^®^ is a safe and effective method for partial refractive correction and regularization of cones in eyes with keratoconus.

Many studies have demonstrated the role of clinical judgment regarding the type of cone and corneal topography in Intacs^®^ selection in specific situations.

What this paper adds {#sec2-9}
--------------------

This is the first comprehensively structured nomogram based on both the steepness of the cornea and layout of the cone incorporating symmetric, asymmetric, single, and SK rings. This study also demonstrates the statistically significant difference in the clinical outcomes achieved when the nomogram is followed.
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